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ABSTRACT 

This study compares the contaminant removal effective¬ 
ness (CRE) of three air distribution systems for a bar/restau¬ 
rant setting by lue of computational fluid dynamics (CFD) 
modeling. The air supply distribution and exhaust arrange¬ 
ment were modeled for a mixed air system, a directional air 
flow system (when' air moves in a unidirectional flow pattern 
across the space, from the high-pressure supply area to the low- 
pressure exhaust area), and a displacement ventilation system 
(where supply air is delivered allow velocity close to the floor, 
allowing thennal plumes to be created). The CRE of each space 
was determined for both particulate and carbon monoxide 
dispersions under two different ventilation rates. A commer¬ 
cial CFD sofhvare package was used to model a hypothetical 
restaurant with bar in a steady-state condition with the inclu¬ 
sion of objects, such as a bar and multiple tables, heat sources 
suchas people standing andseaied. pollutant sources, multiple 
four-way supply air diffusers, and an exhaust air grille. The 
hospitality spaces' smoking and nonsmoking zones had no 
physical separation. The results demonstrated that directional 
airflow systems reduce nonsinokers' exposure to contaminants 
better than mixed air systems, and displacement ventilation 
systems reduce nonsmokers' exposure better than both direc¬ 
tional airflow and mixed air systems. 

INTRODUCTION 

The purpose of any ventilation system is to provide a 
sufficient amount of outdoor air to remove contaminants and 
to maintain the interior environment at a comfortable temper¬ 
ature and relative humidity. The effectiveness of a ventilation 
system to perform these functions can be quantified in a 
number of ways e,g.. air change efficiency of a system looks 


at air flow patterns only (Chow and Fung 19Q6; Nielsen 1993; 
Roos 1999), whereas contaminant removal effectiveness 
(CRE) quantifies the dilution and removal of a contaminant by 
a system. CRE is defined as the ratio between the steady-state 
concentration of the contaminant at the exhaust and the room 
or zone average value (Liddament 1993; Yaglou and Witii- 
eridge 1937). 

The evaluation of CRE of three air systems was carried 
out using computational fluid dynamics (CFD) modeling. 
CFD modeling software has only recently become commer¬ 
cially available to heating, ventilating, and air-conditioning 
(HVAC) engineers in a package simple enough to learn and 
apply in a fairly short time. One virtue of CFD modeling is that 
it allows specific entry of details of the room that have rele¬ 
vance to the airflow. This feature is one that sets it apart from 
simple mass balance type models (Klepeis et al. 1996; Ott 
1999) in which a room is largely described by its volume. CFD 
models have been used recently to .study indoor air quality 
(lAQ) problems, pollutant dispersions, and performance of 
HVAC systems (Chow and Fung 1996; Emmerich 1997; 
Gadgjl et al. 1999). Indoor environments studied using CFD 
modeling included offices (Reynolds and Hedge 1999), 
research laboratories (Memarzadeh 1999), an operating 
theater (Tinker and Roberts 1999), and an industrial workshop 
(Peng and Davidson 1998). Previous studies involving the 
evaluation or comparison of different air distribution systems 
have been published (Jiang et al. 1992; Holinberg et ah 1999; 
Kolokotroni et al. 1995; Yeoh and Li 1998). Ventilation plays 
an important role for reducing environmental tobacco smoke 
(ETS)in the design for smoking areas 1 ASHRAE 1981, 1989; 
Bohanon et al. 1998). The effect of ventilation on reducing 
ETS has been quantified in both laboratory studies (Cain etal. 


DanielJ. Hirnikel is associate principal scientist. Peter J. Lipowicz is senior principal scientist, and Raymond VV. Lau is associate principal 
scientist with Philip Morris USA. Richmond. Virginia. 


THIS PREPRINT IS FOR DISCUSSION PURPOSES ONLY, FOR INCLUSION IN ASHRAE TRANSACTIONS 2002. V, 103. ?t I Not to Oe reprinted in whole or in 
part withoul written permission of the American Society of Heating. Refrigerating and Air-Conditioning Engineers, inc., 1791 Tullie Circie. NE. Alianta, GA 30329. 
Opinions, finaings. conciusions. or recommendations enpressed in this paper are those ol Iha authorfs) and do not neoessanlv rellect the views ot ASHRAE. Written 
questions and comments regarding thrs paper should tre received at ASHRAE no iaier than January 25. 2002. 


PM3001115340 


Source: https://www.industrydocuments.ucsf.edu/docs/qlxk0001 




